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METHODS FOR PREPARING SLURRIES OF COATED PARTICULATES 

Background of the Invention 

1 . Field of the Invention. 

[0001] The present invention involves coated proppant slurries and using such 

slurries in subterranean applications such as production enhancement and sand control. More 
particularly, the present invention relates to stable resin-coated proppant suspensions that need not 
be immediately used once they are formed. 

2. Description of Related Art 

[0002] Servicing fluids comprising particulates are used in a variety of operations 

performed on subterranean wells, such as production stimulation operations like fracturing and well 
completion operations like gravel packing. Often, it is desirable for such particulates to consolidate 
into a permeable pack or mass. One method of achieving such consolidation involves coating the 
particulates with a curable resin before they are used in a subterranean operation so that they 
consolidate once down hole. 

[0003] One example of a production stimulation operation using a servicing fluid 

having particulates suspended therein is hydraulic fracturing, wherein a formation is treated to 
increase its permeability by hydraulically fracturing the formation to create or enhance one or more 
cracks or "fractures." Such hydraulic fracturing is usually accomplished by injecting a viscous 
fracturing fluid into the subterranean formation at a rate and pressure sufficient to cause the 
formation to break down and produce one or more fractures or enhance one or more natural 
fractures. The fracture or fractures may be horizontal or vertical, with the latter usually 
predominating, and with the tendency toward vertical fractures increasing with the depth of the 
formation being fractured. The fracturing fluid is generally a highly viscous gel, emulsion, or foam 
that comprises a particulate material often referred to as proppant. In some fracturing operations, 
commonly known as "water fracturing" operations, the fracturing fluid viscosity is somewhat 
lowered, the proppant concentration is in the range of from about 0.5 to about 2 pounds per gallon, 
and the proppant remains in suspension because the fracturing fluid is injected into the formation at 
a substantially higher velocity. Whether a highly viscous fluid or a less viscous fluid with a higher 
velocity is used, proppant is deposited in the fracture and functions, inter alia, to hold the fracture 
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open while maintaining channels through which produced fluids can flow upon completion of the 
fracturing treatment and release of the attendant hydraulic pressure. 

[0004] An example of a well completion operation using a treating fluid containing 

particulates is gravel packing. Gravel packing treatments are used, inter alia, to reduce the 
migration of unconsolidated formation particulates into the well bore. In gravel packing operations, 
particles known in the art as gravel are carried to a well bore by a hydrocarbon or water carrier 
fluid. That is, the particulates are suspended in a carrier fluid, which may be viscosified, and the 
carrier fluid is pumped into a well bore in which the gravel pack is to be placed. The carrier fluid 
leaks off into the subterranean zone and/or is returned to the surface while the particulates are left in 
the zone. The resultant gravel pack acts as a filter to separate formation sands from produced fluids 
while permitting the produced fluids to flow into and through the well bore. Typically, gravel pack 
operations involve placing a gravel pack screen in the well bore and packing the surrounding 
annulus between the screen and the well bore with gravel designed to prevent the passage of 
formation sands through the pack. The gravel pack screen is generally a filter assembly used to 
support and retain the gravel placed during the gravel pack operation. A wide range of sizes and 
screen configurations are available to suit the characteristics of a well bore, the production fluid, 
and the subterranean formation sands. When installing the gravel pack, the gravel is carried to the 
formation in the form of a slurry by mixing the gravel with a viscosified carrier fluid. Once the 
gravel is placed in the well bore, the viscosity of the carrier fluid is reduced and it is returned to the 
surface. Such gravel packs are used to stabilize the formation while causing minimal impairment to 
well productivity. The gravel, inter alia, acts to prevent formation sands from occluding the screen 
or migrating with the produced fluids, and the screen, inter alia, acts to prevent the gravel from 
entering the well bore. 

[0005] In some situations the processes of hydraulic fracturing and gravel packing 

are combined into a single treatment to provide a stimulated production and an annular gravel pack 
to reduce formation sand production. Such treatments are often referred to as "frac pack 55 
operations. In some cases the treatments are completed with a gravel pack screen assembly in place 
with the hydraulic fracturing treatment being pumped through the annular space between the casing 
and screen. In this situation the hydraulic fracturing treatment ends in a screen out condition 
creating an annular gravel pack between the screen and casing. This allows both the hydraulic 
fracturing treatment and gravel pack to be placed in a single operation. In other cases the fracturing 
treatment may be performed prior to installing the screen and placing a gravel pack. 
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[0006] In order to prevent the subsequent flowback of proppant, gravel or other 

unconsolidated particulates with the produced fluids, a portion of the particulate introduced into the 
fractures or gravel packs may be coated with a hardenable resin composition. In the case of a 
fracturing operation, the fracture then closes on the proppant and applies pressure on the resin- 
coated particulates, causing the particles to be forced into contact with each other while the resin 
composition hardens. The hardening of the resin composition under pressure brings about the 
consolidation of the resin-coated proppant particles into a hard permeable mass having compressive 
and tensile strength meant to prevent unconsolidated particulates and formation sand from flowing 
out of the fractures with produced fluids. Flowback of formation sand with produced fluids is 
undesirable as it may erode metal equipment, plug piping and vessels, cause damage to valves, 
instruments, and other production equipment, and ultimately reduce the potential production of the 
well. 
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SUMMARY OF THE INVENTION 

[0007] The present invention involves coated proppant slurries and using such 

slurries in subterranean applications such as production enhancement and sand control. More 
particularly, the present invention relates to stable resin-coated proppant suspensions that need not 
be immediately used once they are formed. 

[0008] Some embodiments of the present invention provide methods of creating a 

stable slurry of coated particulates wherein the slurry is capable of being stored for at least 2 hours 
before use comprising the steps of: providing resin coated particulates wherein the resin comprises a 
resin that does not completely cure unless it is at least one of exposed to a temperature above about 
175°F or exposed to an external catalyst; and, substantially suspending the resin coated particulates 
in a servicing fluid to create a stable resin coated particulate slurry. 

[0009] Other embodiments of the present invention provide methods of creating a 

stable slurry of coated particulates wherein the slurry is capable of being stored for at least 2 hours 
before use comprising the steps of: providing tackifyer coated particulates; and, substantially 
suspending the tackifyer coated particulates in a servicing fluid to create a tackifyer coated 
particulate slurry. 

[0010] The features and advantages of the present invention will be readily apparent 

to those skilled in the art upon a reading of the description of preferred embodiments that follows. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[0011] The present invention involves coated proppant slurries and using such 

slurries in subterranean applications such as production enhancement and sand control. More 
particularly, the present invention relates to stable resin-coated proppant suspensions that need not 
be immediately used once they are formed. 

[0012] Some embodiments of the present invention describe methods of creating 

stable slurries of coated particulates comprising the steps of coating particulates with a resin or a 
tackifying compound and then substantially suspending the coated particulates in a servicing fluid 
to create a coated particulate slurry. Resins suitable for use in the present invention include those 
resins that do not fully cure until they are exposed to either temperatures above about 175°F or an 
external catalyst. Tackifyers suitable for use in the present invention may be either used such that 
they form a non-hardening coating or they may be combined with a multifunctional material 
capable of reacting with the tackifying compound to form a hardened coating. The coated 
particulate slurries of the present invention are stable enough that they may be formed and used 
some time later. That is, the slurried particulates are retained in the fluidized state without 
significant settling during the period of time between when the slurry is made and when it is use in a 
subterranean operation. 

[0013] The coated particulates of the present invention may be created in advance 

and, in the case of a resin or a hardened tackifyed coating, allowed to completely or partially cure or 
they may be coated directly before being substantially suspended in a servicing fluid. 

[0014] Any high temperature curable resin that does not completely cure until 

exposed to temperatures above about 175°F is suitable for use as a resin component in the present 
invention. When such resins are used, the resin on the particulate will not fully cure until it is 
placed in an environment, such as a subterranean formation, having a temperature of above about 
175°F. Where the coated particulates slurries of the present invention are used in subterranean 
formations that are cooler than 175°F, an after- flush solution comprising an external catalyst may be 
applied to the coated particulates after they are placed in the subterranean formation. The use of an 
external catalyst to effect resin consolidation at reduced temperatures is known in the art, and it is 
within the ability of one skilled in the art, with the benefit of this disclosure, to select a suitable 
external catalyst based on the resin chosen and the subterranean conditions. Examples of suitable 
external catalysts include, but are not limited to, hydrochloric acid, phosphoric acid, acetic acid, 
fumaric acid, sulfonic acid, and combinations thereof. Examples of suitable external catalysts are 
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hydrochloric acid, phosphoric acid, acetic acid, fumaric acid, sulfonic acid, and combination 
thereof. 

[0015] Resins that do not completely cure until exposed to temperatures above about 

175°F are known in the art. Examples include, but are not limited to, furan-based resins, phenolic- 
based resins, and high-temperature (HT) epoxy-based resins. It is within the ability of one skilled in 
the art, with the benefit of this disclosure, to select a suitable resin. 

[0016] Suitable furan-based resins include, but are not limited to, furfuryl alcohol 

resins, mixtures furfuryl alcohol resins and aldehydes, and a mixture of furan resins and phenolic 
resins. Of these, furfuryl alcohol resins are preferred. A furan-based resin may be combined with a 
solvent to control viscosity if desired. Suitable solvents for use with furan-based resins include, but 
are not limited to 2-butoxy ethanol, butyl acetate, and furfuryl acetate. 

[0017] Suitable phenolic-based resins include, but are not limited to, terpolymers of 

phenol, phenolic formaldehyde resins, and a mixture of phenolic and furan resins. Of these, a 
mixture of phenolic and furan resins is preferred. A phenolic-based resin may be combined with a 
solvent to control viscosity if desired. Suitable solvents for use with phenolic-based resins include, 
but are not limited to, butyl acetate, butyl lactate, furfuryl acetate, and 2-butoxy ethanol. 

[0018] Suitable HT epoxy-based resins include, but are not limited to, bisphenol A- 

epichlorohydrin resins, polyepoxide resins, novolac resins, glycidyl ethers and mixtures thereof. Of 
these, bisphenol A-epichlorohydrin resins are preferred. A HT epoxy-based resin may be combined 
with a solvent to control viscosity if desired. Suitable solvents for use with the HT epoxy-based 
resins of the present invention are those solvents capable of substantially dissolving the HT epoxy- 
resin chosen for use in the consolidation fluid. A co-solvent such as a dipropylene glycol methyl 
ether, dipropylene glycol dimethyl ether, dimethyl formamide, dimethyl sulfoxide, diethylene 
glycol methyl ether, ethylene glycol butyl ether, diethylene glycol butyl ether, propylene carbonate, 
d-limonene and fatty acid methyl esters, may also be used in combination with the solvent. 

[0019] Resins suitable for use in the present invention may be combined with an 

optional hydrolyzable ester. When used, the hydrolyzable ester is generally included in the resin in 
an amount ranging from about 0.1 to about 3% by weight of the resin composition. Resin systems 
suitable for use in the present invention also may be combined with an optional silane coupling 
agent. Suitable silane coupling agents include, but are not limited to, n-2-(aminoethyl)-3- 
aminopropyltrimethoxysilane, 3-glycidoxypropyltrimethoxysilane, and n-beta-(aminoethyl)- 
gamma-aminopropyl trimethoxysilane. Where used, the silane coupling agent is generally included 
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in the resin in an amount ranging from about 0.1% to about 3% by weight of the resin composition. 
Resin systems suitable for use in the present invention also may be combined with an optional 
surfactant. Suitable surfactants include, but are not limited to, an ethoxylated nonyl phenol 
phosphate ester, mixtures of one or more cationic surfactants, and one or more non-ionic surfactants 
with an alkyl phosphonate surfactant. Where used, the surfactant is generally included in the resin 
in an amount ranging from about 1% to about 15% by weight of the resin composition. 

[0020] Compositions suitable for use as tackifying compounds in the present 

invention comprise any compound that, when in liquid form or in a solvent solution, will form a 
non-hardening coating upon a particulate. A particularly preferred group of tackifying compounds 
comprise polyamides that are liquids or in solution at the temperature of the subterranean formation 
such that they are, by themselves, non-hardening when introduced into the subterranean formation. 
A particularly preferred product is a condensation reaction product comprised of commercially 
available polyacids and a polyamine. Such commercial products include compounds such as 
mixtures of C36 dibasic acids containing some trimer and higher oligomers and also small amounts 
of monomer acids that are reacted with polyamines. Other polyacids include trimer acids, synthetic 
acids produced from fatty acids, maleic anhydride and acrylic acid and the like. Such acid 
compounds are commercially available from companies such as Witco Corporation, Union Camp, 
Chemtall, and Emery Industries. The reaction products are available from, for example, Champion 
Technologies, Inc. and Witco Corporation. Additional compounds which may be used as tackifying 
compounds include liquids and solutions of, for example, polyesters, polycarbonates and 
polycarbamates, natural resins such as shellac and the like. Suitable tackifying compounds are 
described in U.S. Patent Number 5,853,048 issued to Weaver, et al., U.S. Patent Number 5,839,510 
issued to Weaver, et al. 9 and U.S. Patent Number 5,833,000 issued to Weaver, et al. 9 the relevant 
disclosures of which are herein incorporated by reference. 

[0021] Tackyfiers suitable for use in the present invention may be either used such 

that they form non-hardening coating or they may be combined with a multifunctional material 
capable of reacting with the tackifying compound to form a hardened coating. A "hardened 
coating" as used herein means that the reaction of the tackifying compound with the multifunctional 
material will result in a substantially nonflowable reaction product that exhibits a higher 
compressive strength in a consolidated agglomerate than the tackifying compound alone with the 
particulates. In this instance, the tackifying compound also functions as the hardenable resin. 
Multifunctional materials suitable for use in the present invention include, but are not limited to, 
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aldehydes such as formaldehyde, dialdehydes such as glutaraldehyde, hemiacetals or aldehyde 
releasing compounds, diacid halides, dihalides such as dichlorides and dibromides, polyacid 
anhydrides such as citric acid, epoxides, furfiiraldehyde, glutaraldehyde or aldehyde condensates 
and the like, and combinations thereof. In some embodiments of the present invention, the 
multifunctional material may be admixed with the tackifying compound in an amount of from about 
0.01 to about 50 percent by weight of the tackifying compound to effect formation of the reaction 
product. In some preferably embodiments, the compound is present in an amount of from about 0.5 
to about 1 percent by weight of the tackifying compound. Suitable multifunctional materials are 
described in U.S. Patent Number 5,839,510 issued to Weaver, et al., the relevant disclosure of 
which is herein incorporated by reference. 

[0022] Particulates suitable for use in the present invention may be comprised of 

any material suitable for use in subterranean operations, including graded sand, bauxite, ceramic 
materials, glass materials, metal beads or balls, nut hulls, polymer beads, and the like. The 
particulate size generally may range from about 2 to about 400 on the U.S. Sieve Series, however, it 
is to be understood that in certain circumstances other sizes may be desired and will be entirely 
suitable for practice of the present invention. In some embodiments of the present invention, the 
particulate is graded sand having a particle size in the range of from about 10 to about 70 mesh, 
U.S. Sieve Series. It is within the ability of one skilled in the art, with the benefit of this disclosure, 
to select a suitable particulate composition and size. 

[0023] The coated particulates of the present invention may be suspended in any 

servicing fluid known in the art, including aqueous gels, foams, emulsions, and viscosified fluids. 
Suitable aqueous gels are generally comprised of water and one or more gelling agents. The 
emulsions may be comprised of two or more immiscible liquids such as an aqueous gelled liquid 
and a liquefied, normally gaseous fluid, such as nitrogen. The preferred servicing fluids for use in 
accordance with this invention are aqueous gels comprised of water, a gelling agent for gelling the 
water and increasing its viscosity, and optionally, a cross-linking agent for cross-linking the gel and 
further increasing the viscosity of the fluid. The increased viscosity of the gelled or gelled and 
cross-linked servicing fluid, inter alia, reduces fluid loss and allows the fracturing fluid to transport 
significant quantities of suspended particulates. The servicing fluids may also include one or more 
of a variety of well-known additives such as breakers, stabilizers, fluid loss control additives, clay 
stabilizers, bactericides, and the like. 
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[0024] The slurries of the present invention may be created off-site from their 

location of final use and yet retain the ability to provide consolidation when used. In some 
embodiments of the present invention, the slurries may be created a few hours or a few weeks 
before they are used. A "stable 55 slurry of the present invention refers to a slurry in which the 
coated particulates are substantially slurried in the servicing and are retained in the fluidized state 
without significant settling during the period of time between when the slurry is made and when it is 
use in a subterranean operation. Moreover, in the stable slurries of the present invention the 
particulates retain their character as individual grains or small clusters, without forming large 
flocculations or aggregates. The stable slurries of the present invention are capable of being stored 
for 2 hours or longer after they are formed and before they are used in a subterranean operation. 

[0025] Where it is desirable to store the slurry for a period of time longer than about 

a few hours, the viscoelastic properties of the servicing fluid must be controlled to ensure that the 
particulates remain suspended. U.S. Patent No. 5,799,734, the relevant disclosure of which is 
herein incorporated by reference, describes such fluids and methods of their creation. Desirable 
viscoelastic properties of servicing fluids suitable for use in forming slurries that may be stored for 
more than a few hours without significant settling are: (1) apparent viscosity (at a shear rate of 1) 
from about 40,000 cp to about 200,000 cp; (2) Maxwellian Stress Relaxation of from about 1 to 
about 3 minutes; and (3) Maxwellian Equilibrium Limit from about 0.035 to about 0.1. In some 
embodiments of the present invention, the slurry may be diluted with a less viscous servicing fluid 
at the well site directly before use in the subterranean formation. In that way, the desirable 
viscoelastic properties help maintain the stability of the slurry after it is formed and yet a lower 
viscosity fluid can actually be used in the subterranean treatment. 

[0026] Some embodiments of the methods of the present invention provide methods 

for creating stable slurries of coated particulates comprising the steps of coating a particulate with a 
resin or a tackifying compound and then substantially slurrying the coated particulates in a servicing 
fluid to create a coated particulate slurry. 

[0027] Other embodiments of the present invention provide methods of propping a 

fractured subterranean formation comprising the steps of coating a particulate with a resin or a 
tackifying compound and then substantially suspending the coated particulates in a fracturing fluid 
to create a coated particulate slurry, and placing the coated particulate slurry into at least one 
fracture in the subterranean formation. Where the fracturing methods of the present invention are 
used on subterranean formations that exhibit a temperature of below about 175°F, and a resin 
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coating is used, after the step of placing the resin coated particulate suspension into a fracture the 
method may further comprise the step of placing into the subterranean formation an after-flush 
solution comprising an external catalyst capable of causing the resin to cure. 

[0028] Still other embodiments of the present invention provide methods of 

installing a gravel pack in a well bore comprising the steps of coating a particulate with a resin or a 
tackifying compound and then substantially suspending the coated particulates in a fracturing fluid 
to create a coated particulate slurry, and introducing the coated particulate slurry to the well bore 
such that the coated particulates form a gravel pack substantially adjacent to the well bore. Where 
the gravel packing methods of the present invention are used on well bores that exhibit a 
temperature of below about 175°F, and a resin coating is used, after the step of forming a gravel 
pack substantially adjacent to the well bore, the method may further comprise the step of placing an 
after- flush solution comprising an external catalyst into the subterranean formation. 

[0029] To facilitate a better understanding of the present invention, the following 

examples of some of the preferred embodiments are given. In no way should such examples be 
read to limit the scope of the invention. 

EXAMPLES 
Example 1 

[0030] Both high-temperature epoxy resin and furan resin systems were evaluated to 

determine their suitability for use in as resin components of the present invention. For each resin 
system, a volume of 7.5 mL of resin was coated directly onto 250 grams of dry bauxite proppant. 
The resin-coated proppant was then mixed with 300 mL of 35 lbs/Mgal uncrosslinked 
carboxymethyl hydroxypropyl guar fracturing fluid. The suspension was then allowed to sit at 
approximately 74°F for from 1 day to 14 days. Next, a zirconium crosslinker was added to the 
suspension and it was subjected to heating in the hot bath and stirring at 180°F for 60 minutes to 
simulate the effect of pumping downhole and suspending in created fractures. After stirring period, 
the resin-treated proppant was packed into brass chamber and cured at 325°F for 24 hours without 
applying any stresses. After curing, the consolidated cores were obtained for unconfined 
compressive strength measurements (Table 1). 
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Table 1 





Unconfined Compressive Strengths (psi) 


Suspension time in gelled fluid at 74°F 


Epoxy resin 


Furan resin 


1 day 


1265 


1200 


7 days 


1390 


825 


14 days 


930 


1080 



[0031] Table 1 illustrates that epoxy and furan resins are both suitable for use in the 

present invention, even where the mixtures were formed two weeks before use. 



[0032] Therefore, the present invention is well adapted to carry out the objects and 

attain the ends and advantages mentioned as well as those that are inherent therein. While 
numerous changes may be made by those skilled in the art, such changes are encompassed within 
the spirit and scope of this invention as defined by the appended claims. 
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